Background There is increasing evidence showing beneficial effects of mindfulness and mindfulness training on various indicators of mental and physical health. Purpose This paper reports the 6-month follow-up effects of a mindfulness stress reduction training program among patients treated for cancer on perceived stress, depression, anxiety, post-traumatic stress symptoms, positive states of mind, coping self-efficacy, and mindfulness. Methods Patients with a previous cancer diagnosis were recruited and randomized into an intervention group or a waiting list control group. The intervention consisted of an 8-week mindfulness training course.
Introduction
Receiving a cancer diagnosis is stressful. In addition to the excessive physiological stress caused by the disease and its treatment, many patients experience psychological stress regarding worries about diagnosis and prognosis, demanding treatments, treatment decisions, and disruption of ordinary life functions and roles [1] . A recent US study of long-term cancer survivors reported an increased prevalence of serious psychological distress in cancer survivors even among those who had been disease free for 5 years or more as compared to the general population [2] .
The mindfulness-based stress reduction (MBSR) program developed by Jon Kabat-Zinn [3] and his colleagues at the Stress Reduction and Relaxation Clinic, Massachusetts Medical Center has been widely used in medical settings and has been shown to have potential to decrease stress and depression [4] [5] [6] [7] [8] . It has shown positive effects on quality of life and decreased stress symptoms in patients with varying cancer diagnoses [9] [10] [11] . Studies have also shown promising results of MBSR programs on sleep disturbances among cancer patients [7, 12] . A metaanalysis of the effects of MBSR on different patient groups gives support for the use of MBSR in reducing stress and enhancing quality of life, even though more well-designed studies are needed [7, 13] . The longer-term effect of mindfulness interventions for cancer patients has not been extensively studied. However, a few nonrandomized studies have shown initial support for the longer-term effect of mindfulness training [9, 14] . Most of the published studies of the effects of mindfulness meditation with cancer patients have been conducted in North America, used short follow-ups, and only a few studies have used a randomized controlled design [13] . The current study was conducted in Northern Europe and used a randomized controlled study design to extend findings regarding the effects of mindfulness training to a different cultural setting.
The aim of the current paper was to examine the effects of a mindfulness training program for patients treated for cancer delivered in group sessions, using a modified version of the original MBSR program developed at the Massachusetts Medical Center, 6 months postrandomization. In a previous report from this study, we found that mindfulness training was associated with significantly decreased perceived stress and post-traumatic stress symptoms, and increased mindfulness and positive states of mind at 3 months postrandomization [15] . In this study, we examined the continued effects of mindfulness training on perceived stress, depression, anxiety, post-traumatic stress symptoms, positive states of mind, mindfulness, and coping self-efficacy.
Method

Study Sample and Recruitment
Study participants were recruited between April 2007 and March 2008 by advertisement and e-mail list announcements through cancer patient organizations. The study was open to patients with varying cancer diagnoses, who were not undergoing current radiation or chemotherapy treatment. Individuals interested in participation phoned the study coordinator and received more information. If eligible, the participant was randomized to either the intervention group or the waiting list control group. Random selection of participants to either the intervention or control group was done consecutively using a random sequence of numbers indicating group assignment. Once a participant was recruited to the study, he/she was assigned a study number and was assigned to intervention or control group according to the sequence of numbers. The sequence was produced through SPSS software's random selection procedure [16] . Questionnaires were sent to the participants by mail directly after randomization and at 3 and 6 months after randomization, together with prepaid return envelopes. The waiting list participants were scheduled to participate in the intervention program after approximately 6 months. A power calculation was conducted to decide the adequate number of participants. The calculation was based on a similar study of patients treated for cancer by Speca et al. showing an intervention effect with an effect size of 0.6 (Cohen's d) on symptoms of stress [10] . With an alpha at 0.05 and 80% power, we estimated a need to include 40 individuals in each study group. The study was approved by the ethics committee of the Karolinska Institute (No. 2007/48-31/2).
Intervention-Mindfulness Training Program
The intervention involved eight 2-h weekly sessions and consisted of experiential and group exercises. The program was a modified version of the program developed by Jon Kabat-Zinn [3] and his colleagues at the Stress Reduction and Relaxation Clinic, Massachusetts Medical Center. The modified program has been described in greater detail in a previous publication [15] .
Measures
In addition to information regarding age, gender, education, income, type of cancer diagnosis, time of diagnosis, and current medication, a number of psychosocial measures and a question regarding meditation practice were used at all assessments.
Perceived Stress Scale The Perceived Stress Scale (PSS) is a ten-item scale measuring perception of stressful experiences during the past month [17] . The PSS has previously been used in several different populations. In the current study, the internal consistency was 0.83.
Hospital Anxiety and Depression Scale The Hospital Anxiety and Depression Scale is a 14-item scale measuring anxiety and depression in nonpsychiatric populations, and it has been frequently used within the health care setting [18] . It consists of two separate subscales measuring depression and anxiety over the past week. In the current study, the internal consistency was 0.86 for the anxiety scale and 0.79 for the depression scale.
Impact of Event Scale Revised The Impact of Event Scale (IES) Revised is a 22-item scale measuring common posttraumatic stress symptoms and the impact of stressful life events over the past week [19] . It is a revision of the original Impact of Event Scale consisting of two subscales measuring intrusive and avoidant symptoms [20] . The revised version has three subscales measuring: intrusive thinking related to the traumatic event (IES-intrusion), avoidant behavior (IES-avoidance), and emotional arousal (IES-hyperarousal). In the current study, the respondents were instructed to relate to their cancer diagnosis as their stressful event and the internal consistency was 0.88 for IES-intrusion, 0.85 for IES-avoidance, and 0.80 for IEShyperarousal.
Positive States of Minds The Positive States of Minds (PSOM) is a six-item scale measuring different positive emotional and cognitive experiences [21, 22] . It assesses experiences of focused attention, productivity, responsible caretaking, restful repose, sharing, and sensuous nonsexual pleasure. In the current study, the internal consistency for the PSOM was 0.77.
Coping Self-Efficacy Scale The Coping Self-Efficacy Scale (CSES) is a 26-item measure of people's confidence in performing coping behaviors when faced with life challenges. The scale was designed for and is especially suitable for intervention research when changes in coping are assumed [23] . The internal consistency for the CSES in this sample was 0.91.
Five Facet Mindfulness Questionnaire The Five Facet Mindfulness Questionnaire (FFMQ) is a self-report measure of mindfulness developed by Baer and colleagues [24] . A recent study of the construct validity of the FFMQ supports the possibility to assess mindfulness by means of self-report and showed a positive relationship between mindfulness and meditation experience [25] . The Swedish version of the scale has demonstrated adequate psychometric properties in a recent cross-sectional study [26] . In the current study, the Cronbach's alpha coefficients for the total mindfulness score were 0.93. The internal consistencies of the subscales were: observing 0.83, describing 0.95, acting with awareness 0.90, nonjudging of inner experience 0.89, and nonreactivity to inner experience 0.83.
Meditation Practice
The frequency of meditation practice before and during the study period was assessed with one question. The respondents were to indicate the frequency of meditation practice during the past 3 months with one of five response alternatives (never, at a few occasions, about once a month, about once a week, several times a week). The question was used to categorize the respondents into three groups, those who meditate regularly (several times a week), moderately (about once a week), and infrequently (once a month or less often).
Statistical Analysis
Baseline characteristics of the sample, stratified by experimental group, were examined to ensure that key variables were evenly distributed by randomization. An initial intention to treat analysis was conducted with missing data at follow-up imputed according to the last observation carried forward strategy. Additionally, a per protocol analysis was conducted using the data for those who successfully completed both baseline and the 6-month follow-up assessments. Missing data across questionnaire items ranged from 1.4% to 2.8%, and scale means were computed using the mean of available items for each participant. The intervention effect was analyzed using multivariate repeated measures analyses of covariance (MANCOVAs). Two analyses were performed, one with the psychological outcome variables (perceived stress, depression, anxiety, post-traumatic stress symptoms, positive states of mind, and coping self-efficacy) as dependent variables, and one with mindfulness subscales (observing, describing, acting with awareness, nonjudging of inner experience, and nonreactivity to inner experience) as dependent variables. Time, group (intervention vs. control), and education were entered as factors in the analyses, and age was entered as a covariate. Age and education were entered into the equation as previous research has shown that these factors are important predictors of long-term psychological distress in patients treated for cancer [2] . Spearman's rho correlation statistics was used to calculate correlations between frequency of meditation practice and outcome variables.
Results
Study Flow and Intervention Participation
Eighty-five participants agreed to take part in the study and were randomized to either mindfulness training or a waiting list control group. All participants except one were women. The man was randomized to the control group. Fourteen participants dropped out of the study before returning the baseline assessment, 7 individuals randomized to the intervention group and 7 individuals randomized to the control group, see study flow chart Fig. 1 . Reasons for dropout were: change of mind before first questionnaire was sent or problems finding a suitable time to participate in the intervention group. Among the remaining partic-ipants in the intervention group, 8 (25.0%) completed all eight group sessions, 7 (21.9%) individuals participated in seven sessions, 8 (25.0%) in six sessions, 2 (6.2%) in five sessions, 2 (6.2%) in four sessions, 3 (9.4%) in three sessions, and 2 (6.2%) participants did not attend any of the sessions. Home practice of meditation during the program was assessed with a question included in the follow-up questionnaire regarding frequency of meditation practice during the program period. Sixty percent of the participants reported regular meditation practice during the intervention period, 28% reported a moderate amount of meditation, and 12% reported infrequent meditation practice. Seven of the 32 participants (21.9%) in the intervention group and 4 participants in the control group (10.3%) did not return the 3-month follow-up questionnaire, and 11 of the 32 participants (34.4%) in the intervention group and 2 participants in the control group (5.1%) did not return the 6-month follow-up questionnaire. There were no significant differences between dropouts and the rest of the sample regarding age, education, or income and no differences in outcome measures at baseline (p>0.10).
The current study is based on an intention to treat analysis of the results collected among the 71 participants recruited to the study (32 individuals in the intervention group and 39 individuals in the control group) that were randomized and also successfully filled out and returned the baseline questionnaire, and an additional per protocol analysis of the 58 participants (21 individuals in the intervention group and 37 individuals in the control group) that were randomized and also successfully filled out and returned both baseline and 6-month follow-up questionnaires. In the sample of 71 participants, 54 had been treated for breast cancer, 10 for gynecological cancer, 5 for lymphatic cancer, 1 for pancreatic cancer, and 1 had been treated for cancer in the neck. Ten participants had received their diagnosis within the last year, 39 participants between 1 and 2 years ago, and 22 participants had been diagnosed with cancer more than 2 years ago. The mean age was 51.8 years (SD=9.86; range 30-65), 39 of the participants (54.9%) had at least a bachelor's degree, 30 participants (42.3%) had full-or part-time employment, and 44 (62.0%) had a household income of 30,000 Swedish kronor or more. Twenty-three participants (32.4%) used antidepressants. The analysis in this paper used the baseline and 6-month follow-up measurements. There were no adverse events or side effects reported.
Change in Psychological Distress, Positive States of Mind, and Coping Self-efficacy
The MANCOVA analysis with baseline and follow-up at 6 months on psychological outcomes: perceived stress, depression, anxiety, post-traumatic stress symptoms (IESintrusion, IES-avoidance, and IES-hyperarousal), positive states of mind (reversely coded), and coping self-efficacy (reversely coded) did not show a significant time×group (intervention vs. control) interaction (F 8, 59 =1.42, p=0.21, partial η 2 =0.16), indicating no overall significant differences between the intervention group and the control group. There was no significant main effect of time or group, and none of the potential confounding variables showed significant effects. Results from the univariate tests as well as mean values, change scores, and effect size for the differences in change between intervention and control group on the psychological outcome variables are presented in Table 1 . Although not significant at alpha level 0.05, there were noteworthy trends of greater reduction in perceived stress (p=0.06) and anxiety (p=0.09) in the intervention group as compared to the control group. The subsequent per protocol analysis with the 58 participants that filled out and returned both the baseline and the 6-month follow-up questionnaires gave similar results and did not show a significant time × group (intervention vs. control) interaction (F 8, 46 =1.79, p=0.10, partial η 2 =0.24).
Change in Mindfulness
The MANCOVA analysis with baseline and follow-up at 6 months on mindfulness subscales-observing, describing, acting with awareness, nonjudging of inner experience, and nonreactivity to inner experience-showed a significant effect for the time×group (intervention vs. control) interaction (F 5, 62 =3.63, p<0.01, partial η 2 =0.23), indicating that the intervention group reported a larger increase in mindfulness subscales than the control group. There was no significant main effect of time, and none of the potential confounding variables showed significant effects. There was a significant main effect of group (F 5, 62 =2.70, p< 0.05, partial η 2 =0.18) indicating higher scores in the intervention group. Results from the univariate tests as well as mean values, change scores, and effect size for the differences in change between intervention and control group on the mindfulness subscales are presented in Table 2 . The univariate tests showed that there were significant group by time interactions for four of the five mindfulness subscales: observing (F 1, 66 =9.26, p<0.01, partial η 2 =0.12), describing (F 1, 66 =10.40, p<0.01, partial η 2 =0.12), acting with awareness (F 1, 66 =8.71, p<0.01, partial η 2 =0.12), and nonreactivity to inner experience (F 1, 66 =7.85, p<0.01, partial η 2 =0.11). The intervention group experienced a larger increase on these subscales.
The subsequent per protocol analysis with the 58 participants that filled out and returned both baseline and follow-up assessments also showed a significant effect for the time×group (intervention vs. control) interaction (F 5 
Meditation Practice Postintervention
According to responses given in the 6-month follow-up questionnaire, 38% of the participants in the intervention group continued to meditate regularly, 14% reported a moderate amount of meditation, and 48% reported infrequent meditation practice. To examine if postintervention meditation practice influenced psychological outcomes, change scores from baseline to 6-month follow-up were subsequently analyzed for the subset of the intervention group that meditated regularly compared with the control group. Those in the intervention group who continued to meditate regularly after the intervention period had a significant reduction in post-traumatic avoidance symptoms at 6-month follow-up (t=2.50, p<0.05). No other significant intervention effect on psychological outcomes was found among those who continued meditating.
The correlation between frequency of meditation practice and change score in mindfulness and psychological outcome variables from baseline to 6-month follow-up for the intervention group is presented in Table 3 . There was no significant correlation between frequency of meditation practice and change in mindfulness or psychological outcome between baseline and 6-month follow-up.
Discussion
Mindfulness-based treatments and stress reduction techniques hold great promise and seem to positively affect stress symptoms and psychological well-being. Short-term reduction of psychological distress and stress symptoms as a a The effect size was calculated based on the difference between the group means on baseline and 6-month follow-up change scores, and the denominator was based on the pooled SD at baseline and 6-month follow-up adjusted for different sample sizes between groups result of mindfulness interventions for patients treated for cancer have been reported previously in a few randomized studies [10, 11] and some nonrandomized studies [5, 6, 9, 27, 28] . But the way in which increased mindfulness leads to positive outcomes is not well understood, and the longerterm effect of mindfulness practice is more unclear. Results from this study have been presented in a previous publication reporting on the positive short-term intervention effects at 3-month follow-up [15] . In this study, we report on the longer-term effect of the mindfulness program and found positive longer-term effect of the mindfulness training on mindfulness as measured by the FFMQ, but no significant differences between intervention and control group on psychological outcomes. The previous study showed that increases in mindfulness mediated the effect of the intervention on psychological outcomes at 3 months postrandomization, but in these 6-month postrandomization data, we found an effect on mindfulness only. The differences between intervention and control group on psychological outcomes were diminished and no longer significant. However, there were noteworthy trends of greater reduction in perceived stress and anxiety in the intervention group as compared to the control group. Although this study showed no clear longer-term effect of the intervention over the control group, there are several possible explanations. A reason why the initial positive effect of the mindfulness intervention was not sustained could be the low rate of postintervention meditation practice among the participants. Just over a third of the participants continued to meditate regularly. Previous studies have shown that the amount of meditation practice is related to the beneficial effect, and future studies should examine the potential of using additional intervention strategies to encourage and facilitate continued practice [25, 29] . It is notable that participants in the intervention group reported continued higher scores on most of the mindfulness subscales. This indicated that being "mindful" might not be enough to reduce stress and increase wellbeing. It might be that regular meditation practice is also required, as suggested by the significant intervention effect on post-traumatic avoidance symptoms among the subgroup of respondents that continued to practice meditation after the end of the program. Another possibility is that the initial benefits of the program may have been the result of group support. The 3-month follow-up assessment was finished shortly after completion of the program, and it is a The effect size was calculated based on the difference between the group means on baseline and 6-month follow-up change scores, and the denominator was based on the pooled SD at baseline and 6-month follow-up adjusted for different sample sizes between groups possible that the following reduction of effect as measured at 6 months was a result of losing the group support. Finally, the lack of significant effect at 6-month follow-up might be due to the fairly high degree of dropout of the study, and our study may have been underpowered to detect main effects. At 6-month follow-up only 21 of those 32 (66%) initially randomized to the intervention returned the assessment questionnaire. The findings from this study have some important clinical implications. The lack of clear longer-term effects of the mindfulness training suggests that booster sessions or other tools for increasing postintervention continuation of training might be considered in future interventions to promote sustained positive results. Modification of the program would also be possible with a larger emphasis on the integration of training into daily life. Some studies of mindfulness training for patients treated for cancer have found preliminary support for longer-term effects [9, 14] . Theoretically, the ability to be more aware in the present moment as a result of the training should work as a buffer against the negative effect of life stress. A study of dispositional mindfulness also showed that increased dispositional level of mindfulness moderated the influence of stress on both depression and perceived health, so that the associations of perceived stress with depression and perceived health were diminished for those with higher levels of mindfulness [26] . However, it is possible that an ability such as being mindful in everyday life needs sustained practice over a longer period of time than 8 weeks.
While this study shows very promising results, there are several limitations. First, the fact that we study a specific population limits the possibility to generalize the findings to different illness groups or others experiencing stress. The group recruited is presumably also a highly motivated group of individuals that were self-selected to participate in a study that required a great deal of time commitment. The recruitment of a limited sample of participants with experience of varying cancer diagnoses does not enable the examination of differential effect of the intervention on patients treated for specific cancer diagnoses. Information regarding specific treatments and side effects from treatments were not systematically collected, and thus, we could not adjust for these factors in our analysis nor examine the specific effects of these factors. Another potential limitation is the wait list control design. It is unclear what part of the intervention is actually influencing outcomes, and a study design using an active placebo intervention would give stronger support for the specific effects of the mindfulness intervention. A further limitation was that there was no systematic collection of information regarding program fidelity and only limited retrospective self-report assessment of meditation practice among participants. A singleitem question was used to measure frequency of meditation practice, and this strategy may have been too narrow to represent true differences. Measures of both frequency and duration would have been more informative of actual "dose" of meditation and might better have differentiated those that benefitted the most by the intervention. Further, no differentiation was made between formal (taking time to meditate for an extended period of time) and informal (bringing mindfulness to an activity) practices as meditation. Both types of practice are encouraged during the intervention program, and systematic measurement of this information would have been of value. Future research should focus on understanding which specific elements of the mindfulness training influence particular psychological outcomes and differentiate the group support and the mindfulness practice components. The short-term positive effect of mindfulness training calls for studies among patients at particular times after diagnosis that might clarify when and for whom mindfulness interventions are the most efficient. Future studies should examine the potential of additional intervention tools to encourage and facilitate prolonged postintervention meditation practice and the effects of continued practice. Better measurement of daily home practice of both formal and informal mindfulness activities using diaries should be used in future studies to enable a better understanding of the importance of continued meditation and the effect of different amount and type of practice.
